INTRODUCTION {#cesec10}
============

There is great interest in surgical reconstruction of the anterior cruciate ligament (ACL), given that the long-term results from conservative treatment are unsatisfactory. Only a low percentage of patients return to the same level as before the injury, without limitations, and there are frequent complaints of instability, leading to the need for secondary reconstruction[@bib1]. There is also a likelihood of future osteoarthritis in 60 to 100% of the cases, 20 years later[@bib2].

The surgical technique most commonly used to treat this condition is arthroscopic reconstruction with a single bundle, such that the femoral tunnel is made through the tibial tunnel. This favors construction of the femoral tunnel at a higher location on the intercondile[@bib3], i.e. differing from the anatomical description of the femoral insertion site[@bib4].

Evaluations on the percentage success of ACL reconstructions using a single bundle using meta-analysis have shown rates of 69% to 95%[@bib5], [@bib6]. An evidence-based study showed that radiographic signs of osteoarthritis occur in 50% of the patients undergoing ACL surgical reconstruction, regardless of the technique used[@bib7].

These findings have motivated research on new techniques that aim towards reconstructing the ACL in an anatomical manner, using a double bundle. Basic science studies have demonstrated advantages from double-bundle reconstruction, in comparison with single-bundle reconstruction[@bib8], [@bib9], [@bib10], as have prospective and randomized studies[@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17].

The aim of our study was to analyze the results from anatomical reconstruction of the ACL using a double bundle, in our setting, using the protocol of the International Knee Documentation Committee 2000[@bib18].

MATERIAL AND METHODS {#cesec20}
====================

We prospectively followed up 58 patients who underwent anatomical reconstructions of the ACL of the knee, using autologous grafts from the flexor tendons, by means of the double-bundle technique, starting in March 2006. All the patients originated from our private clinic.

The patients were assessed at the following times after the operation: one week; 30 days; two, three, four and six months; and one and two years. At these return visits, we routinely assessed and recorded data on the patients\' stability and degree of mobility.

For this study, patients were excluded if they presented the following criteria: bilateral surgery, previous ligament surgery or associated ligament injuries.

The length of the follow-up ranged from 24 to 37 months, with a mean of 28.9 months. The patients\' ages ranged from 17 to 58 years, with a mean of 35.2 years. There were four female patients (6.89%) and 54 male patients (93.10%). The right side was affected in 32 cases (55.17%) and the left side in 26 cases (44.82%).

Surgical technique {#cesec30}
==================

We made an incision of around 4 cm in the proximal and medial thirds of the lower leg. With the aid of an extractor, we removed the flexor tendons of the gracilis and semitendinosus muscles. The semitendinosus tendon was used for the anteromedial bundle of the ACL graft, while the gracilis tendon was used for the posterolateral bundle.

For simplification, we routinely used an Endobutton 25 for the anteromedial bundle and an Endobutton 20 for the posterolateral bundle. We performed arthroscopy for diagnosis and for treating the meniscal or chondral lesions.

The femoral and tibial insertions of the anteromedial and posterolateral bundles were marked with radiofrequency and kept intact in order to preserve the vascularization and proprioception.

Using the same instrument, we demarcated the tibial insertions. The tibial insertion of the posterolateral bundle was located anteriorly and medially to the posterior root of the lateral meniscus, and anteriorly and laterally to the posterior cruciate ligament (PCL). The insertion site for the anteromedial tibial bundle was slightly anteriorly and medially to the conventional location for the tibial tunnel used in the single-bundle technique[@bib19].

An anteromedial accessory portal was established using an Abocath 14, under direct viewing, inferiorly and medially to the standard anteromedial portal. Its positioning was critical for obtaining the correct path for the drill bit, to construct the posterolateral femoral tunnel, in order to avoid injuring the surface of the medial femoral condyle or the medial meniscus, while drilling.

The posterolateral femoral tunnel was demarcated 5 mm posteriorly to the anterior cartilage of the lateral femoral condyle, and 3 mm superiorly to the inferior cartilage of the latter, with the knee flexed at 90°. After determining the ideal point, we drilled a hole using a bone pick.

The knee was flexed at 110° to protect the common fibular nerve. The posterolateral femoral tunnel was drilled through the anteromedial accessory portal, using a 5 mm bit, by means of crossing the lateral cortical bone of the lateral femoral condyle.

To construct the tibial tunnels, the drilling guide was adjusted to the setting of 55°. We kept a bone bridge of at least 1 cm between the guidewires ([Figure 1](#fig1){ref-type="fig"}).

The anteromedial femoral tunnel was constructed at depth in relation to the edge of the posterolateral tunnel. The guidewire could be introduced transtibially, through the posterolateral tunnel, or through the anteromedial accessory portal of the arthroscopy. Our preference was for a transtibial route, which left the femoral tunnels divergent.

The anteromedial femoral tunnel was drilled using a 5 mm drill bit and would cross over the femoral cortical bone. Subsequently, we used a 7 mm bit to drill into the lateral femoral condyle to a depth of 35 mm ([Figure 2](#fig2){ref-type="fig"}).

A drilled guidewire with a Vicryl 1 wire at two orifices was passed through the anteromedial accessory portal, through the posterolateral femoral tunnel and through the lateral skin of the thigh, while a double end of the Vicryl 1 was kept inside the joint. Next, this end was pulled into the posterolateral tibial tunnel with the aid of a hook, and brought out to the external region of the lower leg. Two wires of different colors were used, to make it easier to identify each component.

Following this, the posterolateral graft was passed through the tibial and femoral tunnels, and the Endobutton was overturned, thus providing femoral fixation. The anteromedial graft was then passed through the corresponding tunnels. The Endobutton was overturned, similarly to the posterolateral graft.

Before fixation, each component of the graft was pretensioned through flexion-extension movements of the knee, 25 times, using manual tension.

We used 25 x 8 metal interference screws to fix the graft in the anteromedial tunnel, and 30 x 8 screws to fix the graft in the posterolateral tunnel. Absorbable interference screws of similar lengths and diameters could also be used.

The anteromedial graft was fixed with the knee flexed at 45°. The posterolateral graft was fixed with the knee flexed at 15°. In both situations, we undertook manual tensioning of the wires at the tibial end of the graft ([Figures 3](#fig3){ref-type="fig"} and [4](#fig4){ref-type="fig"}).

Rehabilitation {#cesec40}
==============

We allowed partial body weight-bearing, with the aid of crutches, on the day after the operation, the progression to full weight-bearing was done according to the pain levels. The use of crutches was withdrawn around the seventh day, at which time 90° of flexion can usually be achieved. Gentle stretching of the hamstrings should be started immediately, to minimize painful adherences.

In a general manner, we followed the same parameters as described previously[@bib20].

Assessment of the results {#cesec50}
=========================

The postoperative results were assessed using the protocol of the International Knee Documentation Committee 2000.

RESULTS {#cesec60}
=======

For 25 patients, we performed partial medial meniscectomy in the same surgical procedure as the ligament reconstruction. In three, we performed partial lateral meniscectomy, and in another nine cases, partial resection of both menisci was done. In no case was any reconstructive procedure performed on the joint cartilage.

In group 1 (joint effusion), 54 of the patients\' knees (93.1%) were graded as normal (A) and four (6.89%) as close to normal (B); in group 2 (passive motor deficit), 53 (91.37%) were classified as normal (A) and five (8.62%) as close to normal (B); in group 3 (ligament examination), 52 knees (89.65%) were classified as normal (A), five (8.62%) as close to normal (B) and one (1.72%) as abnormal (C).

In the final assessment, 44 (75.86%) of the patients\' knees were graded as normal (A), 13 (22.41%) as close to normal (B) and one (1.72%) as abnormal (C) ([Figure 5](#fig5){ref-type="fig"}).

There were no significant complications and we did not register any cases of infection.

DISCUSSION {#cesec70}
==========

The ACL is composed of two anatomical bundles: the anteromedial and posterolateral bundles, according to their tibial insertion[@bib4]. Functionally, the anteromedial bundle becomes tense under flexion, which in this position the posterolateral bundle relaxes; conversely, the posterolateral bundle becomes tensioned under extension, while the anteromedial bundle relaxes[@bib21].

Recent studies using navigation for primary reconstruction of the ACL using a double bundle have found that the anteromedial and posterolateral components control both the anterior translation and the rotation during the pivot shift test[@bib22], [@bib23].

In the technique described above, the anteromedial portal provided better viewing of the lateral femoral condyle and the femoral insertions of the ACL than did the AL portal, which has traditionally been used for these reconstructions. The arthroscope was inserted in the anteromedial portal, while the anteromedial accessory portal was used to make the marks for the ACL insertions in the lateral femoral condyle, and for drilling the posterolateral femoral tunnel.

We preferentially made the anteromedial femoral tunnel through the posterolateral tibial tunnel, because this gave the possibility of producing longer and divergent tunnels. In situations in which this has not been possible, we have also made the anteromedial femoral tunnel through the anteromedial accessory portal, which generally results in a shorter tunnel that is parallel to the posterolateral femoral tunnel.

Fu et al[@bib24] reported that accuracy in constructing the anteromedial femoral tunnel through the anteromedial tibial tunnel was only achieved in 10% of the cases. On the other hand, accuracy was achieved through the posterolateral tibial tunnel in 60% of the cases, and through the anteromedial accessory portal in 100% of the times for which this was the access chosen.

So far, in all our cases, the posterolateral femoral tunnel could, in a simplified manner, be made just by using a 5 mm drill bit, without any need to increase the diameter of the portion that was more proximal to the joint. The graft made from the gracilis had a sufficiently narrow diameter to allow it to pass through the tunnel and allow the Endobutton to be overturned.

It is important to highlight that there is no need for special guides, since this is an insertion site technique, thereby ensuring that the reconstruction is not affected by patients\' anatomical variations or by other intra-articular references.

In our assessment using IKDC, four patients (6.89%) reported that they had some swelling. Full joint movement was obtained in the cases of 53 (91.37%) of the knees. Without statistical proof, we observed that with the double-bundle technique, the patients had a tendency to achieve full knee flexion earlier.

In the ligament examinations, the pivot shift test was negative in 44 of the patients\' knees (89.65%); in five cases (8.62%), the result from the pivot shift test was 1+. The patient graded as C (pivot shift 2+) suffered a traumatic failure after slipping on a smooth floor, two months after the operation.

In the final assessment, 44 (75.86%) of our patients\' knees were graded as A, 13 (22.41%) as B and one (1.72%) as C.

In a prospective study without a control group, like in our study, Fu et al[@bib24] assessed 73 patients with a minimum follow-up of two years. They found that 65% had a normal result from the Lachman test and 33% were close to normal. In the pivot shift test, 94% were considered to be normal and 6% were close to normal.

In 2008, Järvelä et al[@bib14] reported that double-bundle reconstruction produced better rotational stability. They suggested that this might protect the knee from new lesions that could produce graft failure. In the final assessment using IKDC, 59% of the patients were classified as normal, 36% as close to normal and 4% as abnormal.

Siebold et al[@bib15] also published their results in 2008. In the assessment using IKDC, the group treated with a double bundle presented grade A in 78% of the cases, B in 19% and D in 3%. This last case was a traumatic recurrence of rupture.

In 2010, Aglietti et al[@bib17] assessed 35 patients with chronic ACL injuries who were treated with double-bundle reconstruction. In the final assessment, these authors found that 80% of the patients were classified as normal, 17% as close to normal and 3% as abnormal.

Song et al[@bib25] used a navigation system to measure the intraoperative rotational stability and concluded that reconstruction using a double bundle effectively reduced the residual pivot shift after ACL reconstruction.

Even if the duration of the operation does not increase significantly[@bib25], ACL reconstruction surgery using a double bundle is not for surgeons who only occasionally operate on knees. Regarding this topic, Lyman et al[@bib26] concluded that the risk involved in reoperating the ACL is higher in cases treated by surgeons whose volume of surgery is low.

It is important to emphasize that situations that are more appropriate for ACL reconstruction using a single bundle exist, such as: ACL insertion less than 14 mm, narrow intercondyle (less than 12 mm), open growth plate, grade III arthrosis or higher, multiple ligament lesions and severe bone contusion[@bib19].

Perhaps the most important "side effect" from describing the technique and results from double-bundle reconstruction is the raising of awareness of the need to respect the anatomical ACL insertion sites. In other words, even when a single bundle is used, the femoral insertion should be oblique, done through the anteromedial accessory portal. Femoral tunnel construction using a transtibial route should be avoided. Reconstruction respecting each patient\'s anatomy becomes necessary to enable knee function with the reconstructed ACL to be closer to normal.

In this regard, Scanlan et al[@bib27] concluded that graft placement plays a critical role in restoring the normal gait mechanism after ACL reconstruction, and that this may partially explain the incidence of premature arthrosis over the long term.

Despite the biomechanical advantages and the encouraging initial results, there is a need for equipment that can quantify rotational slackness and for long-term multicenter prospective studies comparing truly anatomical homogenous techniques for single-bundle or double-bundle reconstruction, with precise descriptions, in order to be able prove superior functional results, diminish the likelihood of new meniscal lesions and joint cartilage lesions, and furthermore, to diminish the risk of future osteoarthrosis caused by ACL failure.

CONCLUSION {#cesec80}
==========

Double-bundle reconstruction was, in our hands, a safe and effective technique for restoring joint stability after ACL injury, without prejudicing the degree of mobility and with low incidence of complications.
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